From 14:28 (GMT+8) on May 12th, 2008, the origin time of MS8.0 Wenchuan earthquake, to December 31th, 2008, more than 10 000 aftershocks (M ≥2.0) had been recorded by the seismic networks in Sichuan and surrounding area. Using double difference algorithm, the main shock and more than 7 000 aftershocks were relocated. The aftershocks distribute about 350 km long. The depths of aftershocks are mainly between 10 km and 20 km. The average depth of aftershocks is about 13 km after relocation. In the southwest, the distribution of aftershocks is along the back-range fault, the central-range fault and the front-range fault of Longmenshan faults. In the middle, the distribution of aftershocks is along the Central-range fault. In the north, the distribution of aftershocks through the Qingchuan-Pingwu fault. Relocations suggest that the Back-range fault mainly induced and controlled the aftershock occurrence in the northern section of aftershocks sequence. The MS8.0 main shock is between Central-range and Front-range of Longmenshan faults and it is near the shear plane of the fault bottom. From the depth distribution of aftershock sequence, it suggests that these three faults show imbricate thrust structure.
Introduction
On May 12, 2008, a large M S 8.0 earthquake occurred in Wenchuan county of Sichuan Province. Until December 31, 2008, there had been tens of thousands of aftershocks, including a total of eight aftershocks with M S ≥6.0, along Longmenshan fault. Surface rupture zone extended over hundreds of kilometers, and the earthquakes caused a large number of casualties and economic losses.
Aftershock sequences mainly distribute along the Back-range fault, the Central-range fault and the Frontrange fault of Longmenshan faults. In order to obtain relatively accurate seismic source locations, this study used double difference algorithm (Waldhauser and Ellsworth, 2000) After the Wenchuan earthquake, some researchers quickly calculated part of aftershock sequence to obtain the relocation results. However, only very limited aftershock data, events occurring until July 2008, were used in those study (e.g., Zhu et al., 2008; Huang et al., 2008; Lü et al., 2008; Chen et al., 2009) . In order to determine the main seismogenic fault of Wenchuan earthquake, aftershock distribution and seismotectonics, this study uses more aftershock data, from origin time of Wenchuan earthquake, May 12, 2008 to the end of December 2008.
Tectonic background, seismic data and method
Whenchuan aftershock sequence distribute along Longmenshan thrust fault which is a junction region of Songpan-Garze block and South China block ( Figure  1 ). The trend of Longmenshan fault zone is NE-SW. Its length is about 350 km, and the width is 30-40 km.
The Longmenshan fault is a right-lateral strike-slip and component tectonic belt. Field geological investigation shows that the earthquake surface rupture is along the Beichuan-Yingxiu fault and Guanxian-Jiangyou fault, and there is another short surface rupture which is along Lixian-Xiaoyudong direction and perpendicular to the direction of the Longmenshan rupture . Therefore, the earthquake is not a single fracture plane, and several active faults may also participate in the earthquake rupture process. Aftershock sequence of precise relocation results can be used to study the deep structure in the Longmenshan region and earthquake process. This study used the Sichuan, Shanxi, Gansu, Yunnan, Chongqing and other regional seismic network, and some temporary seismic networks which were set up after Wenchuan earthquake (Figure 1 ), including 70 regional seismic stations, 31 temporary seismic stations and three reservoirs seismic stations. Earthquake rupture zone is surrounded by these stations, which is beneficial to earthquake relocation. In order to obtain more precise source location and to further understand the characteristics of the structure in Longmenshan region, P-wave and S-wave travel time records of more than 10 000 aftershocks (M L ≥2.0) were selected, including 125 776 P-wave phase and 122 641 S-wave phase records. In this paper, P-wave velocity structure of Longmenshan region (Zhao et al., 1997) is used, and the initial earthquakes are located using Geiger method (Geiger, 1921) . Double difference algorithm is the most widely used method of a relative locating. And the travel time difference of earthquake pair has the minimize impact which is caused by inaccurate velocity model (Waldhauser and Ellsworth, 2000) . The double difference algorithm can locate the earthquake in a larger space. It does not need to choose "main" seismic event, thus does not have propagation errors of "main" event.
Result of double difference relocation
In report of seismic phase, there are 8 177 earthquakes of which P-wave and S-wave records are more than eight. Using the double difference algorithm, 7 507 results of earthquake relocation have been calculated. The results of relocation show that aftershock sequence is along Longmenshan fault in NE direction ( Figure  2 ). Main shock with M S 8.0 occurred on YingxiuBeichuan fault. The strongest aftershock (M S 6.4) is on Qingchuan-Pingwu fault. In addition, there are three earthquakes with M S ≥6.0 on Wenchuan-Maoxian fault, two earthquakes with M S ≥6.0 on Chaba-Linansi fault and another three earthquakes with M S ≥6.0 on Qingchuan-Pingwu fault (Figure 2 and Table 1 ).
According to seismic phase report of Earthquake Administration of Sichuan Province, the initial depth of aftershock was 0-45 km, and 91.47 percent of all aftershocks ranged from 0 km to 25 km. In this range of depth, the number of aftershock was more than 6 800. After using the double difference relocation, the depth of aftershock mainly ranged from 10 km to 20 km, and the number of these aftershocks was 5 500, which is 73.91 percent of all aftershocks (Table 2 and Figure 3 ). The average depth was 13.02 km, and the RMS residuals reduced from 0.641 s to 0.210 s. The average deviation of horizontal and vertical were 0.9 km and 1.3 km. Topographic map of Longmenshan region shows that Longmenshan fault locates in the eastern edge of the Tibeatan Plateau. The west of Longmenshan region is Songpan-Garze fold belt and east of the region is Sichuan Basin of which the crust is hard. Some researches (Yang et al., 2004) showed that earthquakes located in central and western regions of China usually happened in upper and middle of curst, and the depth of earthquake is no more than 20 km. In our research, 97.84 percent of aftershocks depth ranged from 0 km to 20 km. This result is consistent with other researches (Zhu et al., 2008; Huang et al., 2008; Chen et al., 2009; Yang et al., 2004) .
Wenchan main shock is in the south of surface rupture, and its focal depth is 18.17 km. The depth distribution shows that Longmenshan fault can be divided into two part, and the boundary is Beichuan ( Figure  4 ). In south of Beichuan, the depths of aftershocks distribute from 5 km to 20 km. In north of Beichuan, the depths distribute from 10 km to 20 km. This study suggests that high-speed zone of seismic wave control the aftershocks activity in upper crust.
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• . These three faults show imbricate thrust structure . Near surface, the dips are within 60
• and gradually decrease as the depth increasing. At the depth of 20 km, three faults converge . Based on these findings Wen et al., 2009) , field investigation and the results of the aftershock sequence relocation, the attitude of faults were inferred and shown in Figure 5 . Distance/km Figure 5b shows that aftershocks distribute in F 32 , F 22 , F 12 and the main shock is between Central-range and Front-range of Longmenshan faults. The main shock is near the shear plane of the fault bottom. This is consistent with the focal mechanism . In Figure 5c , aftershocks distribute in F 32 , F 22 , F 4 , and the number of aftershock increased significantly. In the region, there were two aftershocks with M S ≥6.0 and more than ten aftershocks with M S ≥5.0. Presumably, aftershock distributing has been influenced by Miyaluo fault (F 4 ). In NW direction, the width of aftershock sequence is about 100 km, and it is wider than other region (Figure 5c ). In L 3 -L b region (Figure 5d ), most of aftershocks were near Beichuan-Yingxiu fault (F 22 ), and a few earthquakes were near Guanxian-Jiangyou fault. Figure 5c shows that Chaba-Linansi fault (F 23 ) controlled the seismic activity. North of the region, the distribution of aftershocks transferred from Central-range of fault to Back-range fault. Figure 6 shows the imbricate thrust structure of Longmenshan faults. Figure 6a is inferred from the results of this paper, and Figures 6b-6d are from other researchers' results, respectively Huang et al., 2008; Zhu et al., 2008) . The depth distributions of aftershocks show clearly that the GuanxianJiangyou, Beichuan-Yingxiu and Wenchuan-Maoxian faults merge into shear plan at 20 km. 
Discussion and conclusions
The depths of aftershocks were mainly concentrated between 10 km and 20 km., within which there were 73.91% aftershocks. Average depth is about 13 km. The location of Wenchuan main shock is (31.00
• N, 103.39
• E, 18.17 km). It is beneath the Central-range fault of Longmenshan faults, and near to bottom of shear slip plane. These three faults show imbricate thrust structure. This is consistent with thrust source mechanism with small strike-slip component .
Spatial distribution of relocation aftershocks show that the earthquake ruptured from south to north with segmentation and heterogeneous characteristics. Aftershocks distributed in the eastern edge of the Tibetan Plateau which is in high velocity zone in upper crust.
The trend of the aftershocks distribution is along NE-SW, and the aftershocks distribute about 350 km long. But in the section of Yingxiu-Lixian (Figure 5a , L 2 -L b ), the trend of the aftershocks distributing is along NW-SE. This distribution may be related to F 4 (Miyaluo) fault. In Pingwu-Qingchuan region, the distribution of aftershocks transferred from Central-range fault (F 23 ) to Back-range fault (F 33 ). On Qingchuan-Pingwu fault, there were three aftershocks with M S ≥6.0, including the strongest aftershock with M S 6.4 in aftershock sequence. It seems that the Back-range fault mainly induced and controlled the aftershock occurring with the northern section of aftershocks sequence.
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